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Early History of the Vitamins and Scurvy
Since earliest times man has known about diseases
which we now know to be caused by deficiency in some
respect in the diet. In fact, the oldest medical book
1
known, the Ueichung, which dates 2597 B.O., describes
some of these diseases with an accuracy that com-'^ares
favorably with our scientific descriptions of today.
2
During the time of Hiooocrates, 460-370 B.C., peoole
thought that some universal nutrient substance was
3
present in foods. According to findlay a diet dis-
ease affected the Roman army when it invaded Arabia
in 24 B.C. He describes a large number of diseased
army men who probably had scurvy. They complained of
pains in the legs, gum gangrene and loss of teeth.
4
Morse states that the ancient Egyptians had dis-
eased teeth which were probably due to the diet
restricted to grains such as wheat or barley. This




2. McCollum, E.V., and Simmonds, H.
,
Chemistry
in Medicine, 1929, 2nd Ed., 113.
3. Eindlay, Beriberi, Practitioner, 1917, 98, 69.
4. Morse, V/., Applied Biochemistry, Saunders Co.,
1925, 641-5.
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During the Crusades apparently scurvy played
an important part in deciding the outcome of many
1
campaigns. Joinville describes the disease very
soon after the first Friday in Lent of 1250 as
follows : "The host began to suffer very grievously...
the flesh of our legs dried up, and the skin of our
legs became spotted: black and earth colour like an
old boot, and with us who had this sickness, the
flesh of our gums putrif ied : nor could anyone escape
from this sickness but he had to die. The sign of
death was this, that when there v/as bleeding of the
nose, then death was sure. The sickness began to
increase in the host in such sort, and the dead flesh
to grow upon the gums of our people, that the barber
surgeons had to remove the dead flesh in order that
the people might masticate their food and swallow it.
Great pity it was to hear the cry throughout the camp
of the people whose dead flesh was being cut away, for
they cried like women belabouring of child."
1. Zinsser. Rats, Lice and History. Little, Brown,
and Comoany, 1935, 157.
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During the colonization period in northern
America, scurvy was prevalent. Iji fact, during
the winter time many settlements such as the one
at Hudson's Bay were abandoned because of this
disease, while others in Canada and Newfoundland
were sorely threatened.
1
In 1535 Cartier made his second voyage to
Newfoundland with a crew of one hundred and three
men. Soon the dreaded scurvy developed, and out of
the entire crew only three esca'^ed the disease, whll
twenty-six died. Cartier went ashore, made up an
infusion of pine needles, and administered it to
the surviving men with such success that all of
them recovered.
Probably scurvy has been prevalent in the
northern parts of Europe and Asia ever since that
land has been occupied by man. Since the early
people were uneducated and met the inhabitants
of southern regions rarely, we have few, if any, of
their records of the disease.
1. McCollum, E.V.
,
The Newer Knowledge of Nutrition,
19 23.
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Claus Magnus however, describes the disease
of scurvy among the soldiers of the northern
2
nations, Ronsseus, Schtius, and VVierus also wrote
treatises on the disease recommending treatment hy
diet. A little later, 1695, the faculty of Medicine
at Copenhagen published a "consilium" on scurvy
to be used by the poor people of Denmark and other
northern countries in combating this disease.
2
Bachstrom has described an epidemic of scurvy
among the Swedes which killed five thousand men
during the siege of Thorn in 1703,
Scurvy is the first disease to be associated
with nutrition from a standpoint of etiology.
4
Kramer, an Austrian physician, found that in 1720
almost the whole army was effected with an epidemic
of scurvy. In spite of attempts at feeding dried
herbs, and medical treatment, thousands died of
5
the disease. The following is taken from his book:
1,
Magnus, C,, History of Northern Nations, 1555.
2,
Hess, A,, Scurvy: Past and Present. 1920, 2.
3,
Bachstrom, Observat iones circa Scorbutum, 1734.
4,
Kramer. Medicine Castrensis. 1720
5,
Punk, C., The Vitamines. 1922. Williams and
Wilkins Company,
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"Scurvy is a territle disease for which there
is no known cure. Medication does not help, neither
does surgery. Be careful of bleeding: shun mercury
as a poison. The gums may be massaged, the stiff joints
may be rubbed with fat - but all in vain. If one could
only have available a supply of green vegetables, or
a sufficient amount of the vital antiscorbutic juices:
or if one could have at hand oranges, limes or lemons,
or their preserved pulp or juice so that a lemonade
could be made out of them: or administered as such
in three or four ounce doses - then one could be in a
position to cure this dreadful disease without other
help."
Apparently hramer's ideas on scurvy were very
modern, since v/e know today that medicine or surgery
in the disease is useless, but that fresh fruits
such as oranges, will not only prevent scurvy, but
also cure it.
1
William Star!^, K. D. produced scurvy in himself
by eating a diet composed only of bread and water.
His second attempt in 1770 res^alted in the production
of scurvy, but he could not cure himself of the
disease this time, and he died of scurvy .
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arly ideas of nutrition
1
Richerand, (1813) said that an "aliment" is
whatever substance that affords nutrition, but that
however various our aliments may be, the substance
we obtain from our aliments to incorporate with our
own is always the same.
£
In 1334 William Prout classified all organized
bodies to be made up of four fundamental substances,
"The aque ous, the saccharine, the oleaginous, and
the albuminous." These are of course our modern water,
sugars, fats, and proteins.
3
A little later, 1843, Pereira recognized that
other substances such as eommon salt were necessary
for pro.Ter continuance of life. Furthermore, orange
juice, the antiscorbutic food was necessary and
could not be classified as one of Prout ’s four funda-
mental substances.
4
In 1906 Hopkins stated that no animal can live
on a mixture of pure protein, fat and carbohydrate
even if inorganic material is also included in the
diet, but that still other substances are required.
1. Richerand, A., Elements of Physiology, 1313.




A Treatise on Food and Diet. 1834.
Ed. Lee and Langley.
4. Hopkins. Jour. Chera. Ed.
,
1933. 10. 13-19.
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Berg states that the Germans are still dumbfound-
ed at the revelation that there are nutritive substan-
ces that cannot be included in the four fundamental
.. 2
classes. Tn 1905 Ekelof expressed the belief that the
cause of disease following consumption of preserved
foods was due to the generation of a poison in them.
3
This idea supported by Schmidt -Nielsen was that some
valuable substances such as enzymes or antibodies
4
were destroyed by the process of preservation. Eohmann
thought that the cause of scurvy did not lie in the
absence of any special scorbutic factor, but rather
5
to protein insufficiency, riowever^ Bierich considered
scurvy to be dependent on the denaturing of food by
treatment which made it deficient in some respect.
6
Garrod suggested the potassium deficiency theory as
the explanation of the cause of scurvy. This was aban-
doned slowly because experimental work failed to support
7
it. The citric acid theory of Netter became popular
1. Berg, R.
,
Gresham Press, London, 1925.
2. Ekelof, E., Hygiea, 1904, 1214.
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for a short time. Association of the antiscorbutic
value of citrous fruits with the citric acid
naturally lead to the false belief of the necessity
of this acid. In contrast to this theory was that of
1
Wright which stated the cause of scurvy as acidosis.
These ideas, with many others, were gradually sifted
out until at the present time no doubt remains in
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The long voyages at sea during the sixteenth
century provided an opportunity for scurvy to
manifest itself in no uncertain manner. These trips
were undertaken of course without ample supply of
fresh vegetables or animal foods, and as a result,
scurvy generally broke out after a few months at
sea.
It was also noticed that men on voyages start-
ing in winter were more quickly attacked by the dis-
ease than those who started in the summer months.
Th^s was probably due to the depletion of vitamin C
in man during the winter, and excess in summer.
Many of the men on land were perhaps on the verge of
scurvy in the winter.
1
According to Hess the earliest account of
scurvy at sea is that of Vasco de Gama in 1497 on
the voyage around the Cape of Good Hope. Drake also
described cases of scurvy. Lord Anson's expedition
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per cent of the original crew had died of this dis-
1
ease. Hawkins states that he can give an account of
his twenty years on the ocean, during which time ten
thousand seamen were destroyed by scurvy. In fact, it
has been estimated that up until the time antiscor-
butics were introduced at sea, more sailors have been
killed by scurvy thaii all the other causes pertaining
to sea life, including naval warfare.
On his expedition into the antarctic Shackelton
was able to protect the members of his crew from
scurvy by the use of concentrated lemon juice and
tablets of lemon juice, 0^ the other hand, scurvy
appeared in Scott’s expedition to the South Foie, result-
ing in many deaths although substances were taken along
which were supposed to be anti-scorbutic,
3
In spite of diet precautions the British were
troubled with scurvy in Illdia during the World V/ar,
f 1917-20). At that time the common antiscorbutic
used was lime juice, and practical experience, to-
gether with actual analysis shows this particular
1. Hawkins, Sir R.
,
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source to "be unreliable.
1
Stefensson experimented with diets in the
north countries, and discovered that scurvy would
not appear in man even over a period of years pro-
vided raw meat and tissues such as liver and kidney
were eaten. There was a time when one of his men
who refused to eat raw meat developed scurvy, but
was cured by eating raw meat.
Doctor Kane avoided scurvy while on the arctic
ship "Advance" by eating rats. Either his companions
could not bring themselves to eat the rets, or else
they did not believe in the possible protection
against scurvy, and as a result suffered or died
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iDiiring long voyages, or in war time when rations
are limited^ sometimes both vitamins B and C may he
absent from the diet, resulting in a peculiar dis-
ease called "ship-heriheri. ” This disease is charac-
terized by symptoms of both beriberi and scurvy,
such as numbness of the exteemities (beriberi)
I
and bleeding of the gums (scurvy). In 1871 Delpech
described such cases occuring during the siege of
2
Paris, Scherer also observed a serious outbreak
in German South Africa in which the death rate was
three hundred per thousand. The German raider
hronprinz Wilhelm was interned in New York harbor
during the World War, Nearly all the members of the
crew had ship-beriberi while the officers did not.
The officers had had fresh vegetables in their diet
whereas the crew lived on frozen meat. In most cases
the disease cleared up after fresh vegetables had
been added to the diet,
1.
Delpech, le scorbut pendant le siege de Paris,
Ann, D* hyg, publ, et med, 1871, 35, Janv,
• •
2, Scherer, Ueber Skorbut in Beutsch Sudwestafrika,
Arch, f, Schiffs, Tropenhyg, 1913, 17, I9I.
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Scurvy during the World War
Apparently scurvy was present during the World War
as well as during other wars. A large nuinher of cases
1
were noted by Boerich at the Red Gross Central Sta-
tion in Russia. Over one thousand cases were treated
there. Hift reported many cases associated with night




while Much described cases he thought were
transmitted by vermin. Other countries were similarly
4
afflicted. Aschoff and Rock have written an excellent
monograph on scurvy as it occurred in Roumania. Y/ilt-
5
shire observed over three thousand cases in the Serbian
6 7
army. Several other writers, Lobmeyer, Bisque, and
8
Morawitz have called attention to many cases in Ger-
man and Turkish troops. The older soldiers were the
1. Boerich, R.
,
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6. Lobmeyer, G,
,
Beutsch. Med. Woch., 1918, 44, 557.
7. Bisque, L.
,
Med. Klinik, 1918, 15, 10.
8. Morawitz, P.
,
Med. Woch., 1913, 65, 339.
Ber Skorbut und verwandte Rrankheiten, Jahresb.
f. aerztl. Rortbildung, Mar., 1919, 5.

1
ones most affected by scurvy according to Arneth, He
believed the disease to be due to the excessive use of
dried foods.
It seems that there were many more cases of scurvy
among the peoples just mentioned than among either
the British or American troops in Surope. In the case
of the Colonial troops in Mesopotamia however, many
cases occurred due to deficient rations. There during
the summer of 1916, seven thousand five hundred men
were lost in nineteen weeks as a result of scurvy.
The French army in 1917 were seriously hampered
2
by scurvy, Harvier discovered that ninety-five per
cent of one group of eight hundred men had the disease.





Paris med., 1917, 7, 394.
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Scurvy in the Guinea Pig.
1
Theobald Smith (1895) was the first to observe
that scurvy could be produced in the guinea pig by
limiting the diet to one of oats and bran. Little
attention was given to this discovery until Holst
.. 2
and Froelich did more work with guinea pigs on a
diet of cereals and bread. They described the dis-
ease in the pigs resulting from this diet as being
analagous to scurvy in man, characterized by loosen-
ing of the teeth, bleeding of gums, general weakness,
bone decalcification, and a peculiar microscopic
appearance of the bone marrow. Further they found
that animals fed in addition to this diet fresh cab-
bage, carrots, and other fresh vegetables did not
develop scurvy, and animals that already had scurvy
could be cured by simply adding fresh cabbage and
carrots to the diet. This all proved rather conclus-
ively that scurvy was caused by the absence of something
in the diet. This work was confirmed in 1917 by Chick
and Hume who studied the values of various food stuffs
as a preventative for scurvy. They fed guinea pigs oats
1, Smith, T.
,
U.S, Deot. Agr. Bureau Animal Industry
Ann. Report, 1895, 172.
2. Holst and Froelich, Jour. Hyg,
,
1907, 7, 634. Zeit.
f. Hyg,, u. Infect-Krank.
,
1912, 72, 1.
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and tran, which had been shown to produce scurvy
in about three weeks. The food to be studied was
added to the diet and the amount of protection from
scurvy noted. The work of Chick and Hume was very
important for two reasons.
!• It showed that the preventative method of
measuring the anti-scurvy value of foods was better
than the curative method when the animal was first
allowed to contract scurvy end then is fed the food
to be tested. They found that even when the value of
the food is high that the return to normal from
scurvy is very slow, and that it leads to much con-
fusion as to the actual anti-scurvy value of the food.
2. This work rather completely changed the ideas
1 2
of Jackson and Moore and McCollum and ?itz (1916),
These workers had completed experiments which
tended to show that the cause of scurvy was a bac-
terial infection. In fact, Jackson and Moore had iso-
lated a diplococcus from the tissues of pigs that had
died from scurvy, Hess also had supported the view
that scurvy was bacterial in origin. He followed a
large number of hospital cases of chi Idren. These
1. Jackson and Moore, Jour. Infect. Dis.
,
1916, 14, 478.





3. Hess, A.P., Am. Jour. Bis. Child., 1917, 16, 337.
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children were fed milk which had been heated to differ-
ent temperatures. The results seemed to indicate that the
heatinp of the milk had little effect on the production
of scurvy, but that the age of milk, and hence the bacter-
ial content, was an important factor. Apparently the fun-
damental reason v/hich caused some workers to disband the
diet concept of the cause of scurvy was the production
of scurvy in animals and humans who had milk in their
diet. Years ago milk had been considered to contain all
the substances needed by man. The fact that the infant
gets along the first part of his life entirely on milk
was quoted as proof that milk was a perfect food. For
milk to cause scurvy because of a lack of some necessary
1
constituent was unbelievable. In 1918 Cohen published
an account of the production of scurvy in the guinea
pig by variation of the diet. He found that scurvy
could be cured by adding to the diet orange juice, raw
2
cabbage, or dried cabbage. Hess has also shown similar
effects except that his experiments indicate that dried
vegetables have little value as a preventative against
scurvy. Hess also shov;ed that the active factor in orange
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Scurvy in the Monkey.
That the monkey is an animal which readily shows
the effects of a vitamin C free diet has heen shown
1 2
hy Hart and Lessing. On a diet of condensed milk,
rice end bread, the monkey develops scurvy in two
months. Conditions resembling infantile scurvy and
adult scurvy were observed in young and adult mon-
2
keys. Bone changes were observed especially, falbot
4
and Harden confirmed these experiments. Harden used
\
a scurvy producing diet of three hundred grams of
rice, five grams of butter, fifty grams of wheat germ
and two grams of salt. The daily addition of two c.c.
of orange juice to this diet protected the animals
against scurvy, and further, the animals that devel-
oned scurvy on the vitamin C free diet were cured by
the daily administration of orange juice. Harden also
observed a pseudo-paralysis of the hind legs while
1. Hart, Carl, Virch. Arch., 1912, 208, 567.
2. Hart, C., and Lessing, Ferd. Bnke. Stuttgart, 1913.




4. Harden and Zilva, Biochem. J.
,
1920, 14, 131.
J. Path. Bact., 1919, 22, 246.
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Zilva and Still noticed a sever-e hemorrhagic, edema
2
of the upper eye-lids. Howard investigated the
mineral metabolism of monkeys with scurvy, and found
that the salt losses were much less than had been noted
in man.
1. Zilva, S.8. and Still, G.i’., Lane., 1, 1920,
May 8, 1008
2, Hov/ard, C.?., and Ingvaldsen, ]!\
,
Bui. Johns












Scurvy in the child
The first description in history of child
1
scurvy is that of Glisson
, In 1669 he stated that
in scurvy tumors appear on the gums, pains in the
Joints are experienced, palpitation of the heart,
difficulty of breathing after exercise and in the
absence of fever a concentration of urine occurs.
He observed that scurvy often accompanied rickets
while he thought the cause to be the ’’inclemency
of the air and climate where the child is educated."
Little attention was given Glisson' s work however,
since most workers thought the important thing to
be rickets rather than scurvy. The point is emphasized
2,2
by the fact that Moeller in 1869 described cases
of rickets which were in reality scurvy. That is,
all the symptoms appeared to be those of scurvy
rather than of rickets, although for some inexplic-
able reason he found that lemon Juice and fresh veg-
etables were useless in treatment.
1. Glisson, Treatise on Rickets, London, 1651.
2. Moeller, Acute Rachitis, Koenigsberg. med,
Jahrb., 1859, 1.
3. 5’aelle von acuter Rachitis, Koenigsberg. med.
Jahrb., 1862, 3.
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At times infant scurvy is still called "Die
Moellersche Krankheit." Immediately after Moeller's
1 2







supported the view that these infant
cases were an acute form of rickets. There are many
fairly recent German hooks which describe infant
scurvy as rickets on the grounds that in these cases
involvement of the gums is absent and that the ab-
sence of this essential symptom rules out scurvy.
1, Foerster, E.
,
Sin Fall von acute Rachitis, Jahrb,
f. Zinderheilh, 1868, 1, 144.
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Effect of Heat on the Vitamin C Content of Milk.
1
Neumann was one of the first to observe the
relation between heating milk and the appearance of
scurvy in infants. The milk used had been pasteur-
ized first St the farm where produced and then heat-
ed again .just before consumption. These results were
2 3 4 5
confirm.ed by Meyer, Cheadle, and Heuber. Brachi
found cases of scurvy resulting from the cooking of
6
milk, and the American Pediatric Society has report-
ed hundreds of such cases, all of which were fed on
7
artificial foods. Hess found that scurvy results
in children if the milk used in feeding is heated
0
to 145 E for thirty minutes.
1. Neumann, H.
,
Deutsch. Klin., 1904, 7, 341,












5. Brachi and Carr, Lane., 1911, 662.
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On the other hand, Sittler shov/ed that scurvy
would not result from the warming of milk on
2
the water hath, for five minutes, Epstein has
reported cases caused hy feeding milk which had
been heated several times. Another factor entering
into his cases was the absence of fresh fruits
from the diet, Bendix has recorded a case of scurvy
resulting from a diet of cow's milk mixed with a flour
food. This case was cured by the administration of
raw milk. The conclusion was made that the carbohy-
drate acted unfavorably and perhaps hastened the
symptoms of scurvy. Another explana. tion may be that
the milk varied in vitamin C content.
1 , Sittler, Z, F, soc. Med,, 1909, 4, 1,
2, Epstein, A,, J, P, Kinderh,
,
1918, 88, 237
5 ^ Bendix, D, , Med, W, , 1912, 38, 242,
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Tnfentile scurvy occurs most frequently in
cases of bottle-fed babies. As a rule tiie milk is
boiled to orotect the child against possible bac-
terial infection but during this process fas I
shall later show) the vitamin C which is present
only in small amounts at best is greatly or even
entirely lost. After a time the baby grows pale
and fretful, "ts appetite disappears, it refuses
to eat and consequently loses weight. 'Tenderness
of the joints or extremities may be present and
sometimes hemorrhage of the gums. In some cases
the only apparent symptom is fever. This condit-
ion is sometimes referred to as "latent scurvy"
and is also called "Barlow's disease." As the
disease progresses it is obvious that the child's
resistance to infections will probably become
less. Sudden nd profound improvem.ent results from
administration of orange and tomato juice. V/ithout
doubt latent scurvy is fairly common and is not
recognized at all unless it reaches a dangerous
stage and a physician is called.
rt is interesting to note that scurvy gener-
ally appears in the infant between the ages of six
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Ito nine months. Rohmer has shovm that vitamin
C is excreted in the urine of an infant uring
the first six months of life but not after that
period. This fact would seem to indicate that
the infant is born with a supply of vitamin C
which is gradually used up until at the end of
six months it no longer has an excess of the vita-
min, so that unless the supply is replenished
from some outside source, scurvy is imminent.
I, Rohmer, P, Nature 1934. 134 142-3
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Symptoms of Scurvy
The disease develops slowly. Commonly the gums
become swollen and bleed easily. Mouth infections result
and at times the teeth become so loose as to fall out.
The skin becomes pale. Large blue-black spots may ap-
pear following injury or without apparent reason. Some-
times there are regions of very hard, stiff skin and
subcutaneous tissue. The patient becomes weak, loses
weight, develops anemia, swollen ankles, and hemorrhages
of the mucous membranes.
As the disease progresses nervous symptoms appear
including headache and delirium. Convulsions appear
in the final stages. In the case of the very young
infant, fretfu^-ness
,
loss of weight and fever may be
the only symptoms. Very little is said in the early
literature about scurvy in infants. The reason for this
is probably that the infant fed on a diet other than
mother’s milk died before it had a chance to develop
1
scurvy. It was not until 1894 that Barlow described
a combination of scurvy and rickets. This paper is
one of the early descriptions of scurvy in infants.
1. Barlow, Sir Thomas, Brit. Med. Jour.
,
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Pathology of Scurvy
#
At feutopsy the subcutaneous tissue is found to
be infiltrated with a bloody fluid. There are
hemorrhages in the periosteum including such bones
as the jaw and tibia. Very rarely are there hemorrhages
in the muscles themselves. "Beading” or "rosary” of
the ribs is often observed which is something like
that occurring in rickets. There are bone fractures,
disaopearance of the osteoblasts and in the case of
infants there is degeneration of the bone marrow re-
sulting in improper bone formation. Accumulation of
fat is often found resulting in fatty degeneration of
the heart muscles. There are also specific changes
of tooth structure. These changes will be dealt with
in some detail later in this paper.
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Early attempts at the isolation of vitamin G.
One of the first attempts to isolate vitamin C
1
was mt-de hy Agopian in 1921. This was done hy pre-
cipitating the substance from fruit juices with heavy
metals. This substance contained nitrogen but in 1925
2
Bezssonoff isolated a substance v/hich contained no
nitrogen. The non-nitrogen containing substance pro-
tected guinea pigs from scurvy when given in doses of
2 mg. daily. Bezssonoff was not sure of the analysis
of this compound but thought it to be an ortho di-
phenol derivative or a glucoside. In the light of
later work it appears that he may have been working
with a solution containing fairly pure vitamin C.
3
The rather important work of Szent-Gyorgyi
should be mentioned. He examined various oxidizing
systems of plants and animals and finally the peroxidase
system with the idea of determining the function of
the interrenal system. As a result of these invest
i
gat ions he isolated a strongly reducing substance from
1. Routh, I.B.
,
Jour. Chem, Ed., 1933, 10, 1.
2. Bezssonoff, Compt. rend., 1925, 180, 970.
3. Szent-Gyorgyi, Jour. Biol. Chem., 1931, 90,
385-91. Biochem. Jour., 1928, 22, 1408.
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the adrenal cortex which he called hexuronic acid
because he thought it was similar to glycuronic acid.
This same substance he also isolated from oranges and
cabbages, in small amounts although he was unable to
isolate it on a large scale. He concluded the function
of hexuronic acid to be that of a catalytic hydrogen
carrier between the peroxidase and other oxidizing,
1
or reducing systems in plant and animal life. The
formula of hexuronic acid was found to be C^HgOg.
. • 2
Szent-Gyorgyi isolated hexuronic acid from orange
juice by precipitation with lead acetate from, a
solution containing the juice with ammonia and sodium
cyanide. The precipitate is decomposed with sulphuric
acid, reprecipitet ed with hot lead acetate from alco-
hol solution. Sulphuric acid is again added and fluid
reduced in vacuo. Methyl alcohol is used to dissolve
the crude product and ether added to precipitate the
vit amin- This last orocess is reoeated several tim.es,
3,4
Unfortunately Rygh was much opoosed to the
idea that hexuronic acid had any strong connection
with vitamin C, He said that the active constituent
of vitamin C was independent of any reducing substance
• •
1. Szent-Gyorgyi, Jour. Biol, Chem.
,
1931, 90, 385-91.
2. Szent-Gyorgyi, Biochem, Jour,, 1928, 22, 1347-1409.
3. Rygh, Rygh, and Laland, Z. physiol. Chem,, 1931732,
204, lOS-il.
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and that the hexuronic acid must be present there-
fore only as an impurity. Apparently this discouraged
the idea of hexuronic acid being identical v;ith
vitamin C, because it was not until Tillmans, Hirsch
1
and Dick in 1932 again pointed out the possible
identity of the two substances in question that Szent-
2
Gyorgyi further examined hexuronic acid by feeding it
to guinea Digs. He found that it protected the animals
from scurvy and that it cured induced scurvy, even if
vitamin C containing substances other than hexuronic
acid were withheld from the diet. Derivatives of
hexuronic acid were made, then reverted back to the
original substance and again tested with guinea pigs.
In each cese the substance v/ss found to be ascorbic
acid, and these facts preculded any possibility of
vitamin C being present with hexuronic acid as an im-
• •
purity. As a result of this v;ork, Szent-(iyorgyi chang-
ed the name from hexuronic acid to ascorbic acid, and
this latter name is now universally used.
1. Tillmans, Hirsch, and Dick, Biochem, Jour,, 1933,
27, 531.,.
2, Szent-Gyorgyi and Svirbely, Nature, 1932, 129,
690, 9 and 3.
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At about this time Bygh attempted to make a
systematic study of orange juice concentrate in
order to determine once and for all the nature
of the active principle. He finally isolated
a nitrogen containing substance which he called
”nor-narcot ine " and ^ich he believed to be the
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During the pest two years ehout twenty different
1-7
investigators (some of whom ere listed below) have
attempted to repeat the work of Eygh, T’he bulk of
this work has been on the "alleged" anti-scorbutic
activity of methylnornarcot ine
,
narcotine, and its
derivatives and mixtures of these substances. The
conclusions that most of these workers reach is that
vitamin C has no ntrogen, and that methylnornarcot ine
has no ant i -sc orbut ic powers. On the other hand, the
• •
substance discovered by Szent-Gyorgyi has been investi-
gated thoroughly, and the majority of workers confirmed
8
his results. Waugh and King in 1932 isolated and
identified vitamin C, finding it to be identical with
.. 9
the hexuronic acid of Szent-Gyorgyi. Hirst and Zilve
reach the same conclusion. Almost immediately the
• •
world of science recognized the work of Szent-Gyorgyi
1. Dann, Wm. J.
,
Biochem. Jour., 19.33, 27, 220-4, ITature
131, 24-5, 1933.
2. Demole, V., Physiol. Chem.
,
1933, 217, 83-8,
3. Pavol ot zkaya
,
K.L., Bull, Applied Botany Genetics
Plant Breeding (TT.S.S.R. ), 1934, Suppl. 67, 165-9.
4. Reschke, J.Z., Physiol. Chem., 1933, 215, 164-6.





Z. Vitamin forschung, 1934, 3, 27-37.




3. Waugh, VV.A., and King, C.G,
,




and Zilva, S.S., Biochem. Jour., 1933,
27, 4, 1271.
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to be fundement al. To him is given the credit of
discovering the long sought after vitamin so that
now vitamin C is known univerally as ascorbic acid.
oa /ji/najlv ^noX sri# ^i^sTooslfc
.6108 oidTooaa as '^XlaxQvixur nwoui el 0 nims^’lv '^loa.
..
...,*
Structure of Ascorbic Acid
j
Vitamin C reacted with FeCl produces the typical
3
blue color which is characteristic of enols.
Oxidation of vitamin C with H„0 at room tempera. ure
2 2
produces HgCgO^ showing that there is a CO group ad-
jacent to the COOH group. Oxidation with ?b( 0 Ac)^ in
glacial AqOH did not produce CHgO and hence there are
not two free alcohol groups at the ends of the chain,
1
Tritylascorbic acid has been prepared (Vargha) by
action of 5 cc, of pyridine in which was dissolved
1 g, of ascorbic acid and l/4 g, of Fh^G Cl. Vitamin
C contains a primary group, is not an aldehyde, and
2
has the CO group as a ketone. According to Haworth*











1. Vargha, I., Nature, 1933, 31.
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The second form is the enol form which can







The ease with which ascorbic acid is oxidized
is one of the outstanding properties of this sub-
I
stance. In fact, accorfling to Szent -Gyorgyi the
reducing powers of ascorbic acid will be " sans
seconds parmi les substances composees seulement
de C, H, et 0," It will reduce silver nitrate in
acid neutral or alkaline solution in the dark,
furthermore, it reduces fehlings solution, potass-
ium permanganate, and 2-6 dichlorophenol-indophenol.
.. 2
P, Karrer, Z. Schopp, and P. Zehnder reacted
Me Mgl on the lactone formula of acetonedimethyl-









Schopp, E, and Zehnder, P,
Helv. Chim. Acta,, 1933. II6I-3.
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of two Me and 2 OH groups. This evidence is against
the furane formula which would take on one Me and
one OH group

Synthesis or Ascorbic Acid.
Ascorbic aci i has been synthesized recently
I
by Haworth, hirst and others
.
In general their
method was to react xylosone with potassium
cyanide in a water solution of calcium chloride.
Nitrogen was passed through the soluti.n result-
ing in the addition of KDN and the evolution of
ammonia,
CH f OH ). Irlf OH ).GH^ OH). CO. CHO
CH . f OS ) . GK ( OH ) . CH( OH ) . CO. OH f OH ) . GIT
The calcium was precipitated with oxalate,
the resulting syrup concentrated under CO^ and
extracted with ethyl alcohol.
The ^ -Icet o-nitrile above hydrolizes almost
immediately to theQ -keto-acid.
I. Ault, R.G. and others. Jour. Ghem, Soc.,i933
552, I4T9-T425.
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^ -keto acia is rv-ferred to as y^-ascorbic
acid since it is not true ascorbic acid. This
y' -ascorbic acid was treated with eight per cent
hydrochloric acid twenty-six hours under carbjn
dioxide, acid nearly all removed, the syrup
concentrated and extracted several times. After
several concentr tions, ether was added, produc-
ing turbidity. The final solution when concentra-
ted gave a colorless crystalline mass of ascorbic
acid.
This synthetic product has been tested biologi-
cally (guinea nig method) by laworth, rlirst and
I
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ant i- scorbutic potency as the natural
Ibis seems to be very strong evidence
of the following
:
(1) the synthesis of ascorbic acid
(2) the forrmila resulting from this synthesis
as shovm above.
Equation for the reaction of -ascorbic acid

















Vitamin C (ascorbic acid)
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d-Xylosone was prepared from d-Xylose. This
in turn was treated with HCN and then hydrolized
with H Cl. The vitamin was precipitated as the
lead salt. This compound was recrystallized until
the melting point reached T85-9°C and 27- -80°,
In a similar manner 1-ascorbic acid was prepared from
1-Xylose producing a substance with a melting point
of I87-9°C.
A mixture of the d- and 1- forms prevented




Grussner, A., and Oppenauer, R.
Helv, Cheij, Acta, 1933, 16
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Isomers and homologues of ascorbic acid
Several isomers and homologues of ascorbic acid
I
have been prepared by Reichstein and studied by
2
Deraole , The lactone formulas of d-3rythro-3-
ketohexonic acid and l-Erythro-3-ketohexonic acid
have been fairly well established by them,
d-Erythro-3-ketohexonic acid,


















d-Erythro-3-ketohexonic acid was found to
have a slight ascorbic action but 1-erythro-
3-ketohexonic acid had none.
I, Reichstein and Gru&sner, 1934 ,
Helv, Chim, Acta, 17, 3II
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The following compounds had no ascorbic pro-
perties at least in amounts up to twenty mg. per
day.
d-Lyxo-5-ketoheptonic acid.
H H OH OH OH 0
I I I I
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l-Xylo-S-ketoheptonic acid.
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Recent developments in the occurrence of vitamin
C and its use in the treatment of scurvy.
In recent years vitamin C has been found in
foods and organs little suspected as a source
1 £
previously. Gough and Zilva, Bessey and Bing,
and others listed below have investigated the dis-
tribution of vitamin C in various animals and man.
V/hile it is fairly widespread, it occurs in high
2-7.
concentration in the adrenals and pituitary.
Citrous fruits, of course, have long been recognized
as a potent source of the vitamin and recent analysis
confirms this. Other fruits and vegetables, however,




and Zilva, S.S., Biochem. Jour., 1933,
27, 4, 1279.





Lancet, 1934, 1, 1279-31.
4. Suler, H.
,
Arkiv. Kemi, Mineral. Geol, 1932, 11 B,
No. 18, 6.
















xO eJII 5 T'rjL}t-0 0 wi v I=^V 5 f Jrioci .1
.•x :-. ::&3cf j
.X.t
Jx vj ' I
-A i-'-’i D-,
.









'iT:(C;e '. i^. TTi ^': r 9.L rr?!<'5 ^ xl fix C 'j i . y C » j -T
^ '
M;t X ;' .
.jx; xXexiaTbi2 ’ .i .:- i iXoT: Xl ,0X3 o
V J > • .X. d JL v T ».a8 9G 5iiOl «v i ’ , V '- '0 ’*
; no niAoifiy
,.A C:j 3 J’ 9 v.,v .
-ai sIxat^
-xoxlt; ...A'.' ,-Arynno .
xfo.i. \|*[xx-3i nt 0 .I'/r-A''. io:A''3 o cAt tiivc'~ •^'..i
.-'
^'v XJArO ii.o
Peppers and iris leaves seem to represent perhaps,
1-3
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other new sources are the black currant and
1-3 45 6
raspberry, the graoe, tea, tomatoes, and
7
various fodder olsnts. The vitamin has been iso-
8-11
lated by several investigators and synthesized
12 13.




Acta, med. Seand., 1933, Suppl.
53, 120, 52 charts,
2, Shelesnii, G,P,
,
and Eanevska, E,S,, Problems
in Nutrition, (U,S,S,R. ) 2, 1933, No, 4,, 21-3,
3, Ivanov, N,N, and Bukin, V,N,
,
Bull, Applied
Botany, Genetics Plant Breeding(U, S. S.R, ) , 1933,








sci,, R,S.S. Armenie, 1931, 231-4,
5, Minra, M,
,
and Tsujimura, Sci, Papers inst, Phys.








7, Virtanen, A, I., landmark, E. , and Peltola, E,






Biol, Med,, 1933, 30, 1268-72,
9, Szent -Gyorgyi
,
A,, Biochem, Jour,, 1928, 22, 1387,




11, Matsuoka, T,, J, Agr, Chem, Soc, Jaoan, 1933, 9,
311-15,
12,
Ault, R,G,, Jour, Chem, Soc,, 1933, 1419-1423,
13, Reichstein, T,
,
Grussner, A,, and Oppenauer, R,
,
Helv, Chim, Acta,, 1933, 16, 561-5.

53
. . 1 2
Gothlin end Falk have determined the vitamin C
requirements of man by the use of a skin capillary
resistance method. Their results indicate that 0,7-
1,0 c,c, of orange juice daily per kilogram of body




working with guinea pigs found that the
vitamin C requirement is directly proportional to
the body weight and is one c.c, of lemon juice per
100 gm. weight.
4 5
Goettsch’s and Eddy's results are partially
• •
confirmed by the^figures but Gothlin found that the
growing child required an amount of vitamin C greater
in proportion to his body weight than did the adult.
1. Gothlin, G.F.
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The use of substances containing vitamin C
such as citrous fruits has been mentioned before
in this paper. Pure vitamin C is now being used
in hospitals in different parts of the world,
1
Brugsch reports the cure of a case of infantile
scurvy by the administration of 0,03 grams of
2
ascorbic acid per day. Wright describes cases of
3
adult scurvy cured by 40 ms. per day. Bauke and
4
Schultzer have injected the vitamin intravenously
(40-50 mg.) resulting in rapid recoveries. In some
cases the temperature drooped on the second day of
5
treatment, Kramar gave 20-25 mg, of ascorbic acid
daily to newborn infants and found development to
be accelerated. Premature infants were able to
tolerate 10-15 mg. per day, A case of Moeller-
6
Barlow's disease treated by Neumann recovered
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1933. Abstracted in J.A.M.A. Nov. 25, 1933, p, 1764.
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,
Deut. med. Woch., Aug, 10, 1934, p.
1204.
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0.02 g. per day, Mettier, Minot and Townsend have
found that vitamin G has a soecific effect in the
hone marrov/ of a patient with scurvy. Also interest-
ing results of improvement in tuberculosis cases
hy administration of vitamin G have been reoorted by
2
Robertson. Hemorrhagic diatheses have been treated
. . 3
with ascorbic acid by Boger, It is believed that
possibly the permeability of the capillary walls
may be altered by the vitamin. The coagulation time
of the blood is also decreased enormously and the
plasma albumin increased.
It would seem from the number of cases already
reported in so short a time that the treatment of
scurvy and some other diseases with pure ascorbic
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In the experimental part the idea of the author
was to investigate first various tests and methods for
the analysis of vitamin C which are found in the litera-
ture v/ith the view of determining the ones most effect-
ive, Especial attention vms to be given pure chemical
tests as compared to the so called "biological assay."
Then these tests were to be used in the investigations
on the rat. During the course of these investigations
it was also thought that improvement of known methods
might be discovered since the field is, from a stand-
point of pure chemistry, comparatively new. One of the
first substances to be investigated was the well known
1
methylene blue. Euler and Malin have studied the re-
duction of methylene blue by organs containing vitamin
2
C. A little later Martini and Bonsignore developed
this test into a quantitative method for the determin-
ation of vitamin C in tissues and fruit juices. After
experin^nt ing with various methods the author found
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1. I.Iethod of Martini and Bons ignore
2
2. Method of ’''ndophenols.
The method of Martini and Bonsignore was used by
the author in the analysis of fruits and tissues. The
principle of the method as outlined by these investigat-
ors depends on the utilization of the reducing property
of ascorbic acid, Aoparently, one mole of methylene blue
is reduced by one mole of ascorbic acid in the presence
of sodium bicarbonate, sodium citrate, and sodium thio-
sulphate. Under these conditions methylene blue reduces
with difficulty and this fact is an advantage in the
analysis of vitamin C, because it eliminates the possibil-
ity of reduction of the dye by other substances. According
to Martini and Bonsignore, reducing substances such as
glutathione and cysteine have no effect on the dye under
the conditions of the test. The author has found that
glucose, sucrose, lactose, tannic acid, pyrogellol,
end cysteine do not affect the dye under the conditions
of the test enough to produce an appreciable error.
The author also modified the methylene blue method somewhat,
1. Martini, ii,
,
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The method of Martini differs from that of the
author in several respects. Martini standardizes
the methylene blue by comparison of ascorbic acid
or lemon juice with a 0,005 iodine solution while
the author standardizes the methylene blue directly
against pure ascorbic acid. The end point is deter-
mined by Martini by matching the unknown with a
control. This control is made by mixing 0.2 c.c. of
methylene blue (1:10,000) with 8 c.c. of water. The
author found that a sharper end point could be
reached if 0,3 c.c. of methylene blue were used
instead of 0,2 c,c. Also instead of using water the
reagents citrate, bicarbonate, thiosulphate and
trichloracetic acid were used and in this way similar
conditions were produced in the control to those in
the unknown. Difficulty was experienced in matching
the final colors. This is affected by the diameter of
the tubes used, the color of the unknown and the sourc
of light. To avoid these difficulties the author used
a larger amount of methylene blue and compered the
unknown with the standard with the colorimeter.
It was found by experiment that tissue extracts
must be analyzed immediately in order to obtain con-
sistent values. The following table shows titration of
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liver extract on successive days
Effect of the time element on the methylene blue
react ion.






The above effects may be caused by the action of
bacteria on the substances dissolved in the extract.
At any rate it is obvious that the longer the ex-
tract is allowed to stand, the higher its titration
with methylene blue becomes.
1J
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Method of analysis of fruit Juices for
vitamin C,
I
The method used was a modified method of Martini
and is outlined as follows:
One c.e, of lemon Juice was diluted to twenty-five
c.c. with eight per cent trichloracetic acid. To
five c.c. of this solution was added two c.c, of
citrate bicarbonate solution and one c.c, of thio-
sulphate solution. Then methylene blue solution
was added in 0,3 c.c, amounts until the color nearly
approached the color of the standard after exposure
to direct sunlight. Then the two solutions were
checked with the colorimeter.
Solutions required.
I, Citrate bicarbonate solution made up so as to
contain fifteen per cent of sodium citrate and four
per cent sodium bicarbonate.
2, Sodium thiosulphate solution of five per cent,
3, Methylene blue solution 1:10,000,
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4, Tlie standard is made by adding to 5 c.c. of
trichloracetic acid 2 c.c, of citrate bicarbonate
solution followed by I c.c. of thiosulphate solu-
tion and then 0,2 c.c, of methylene blue.
Calcul at ions
:
Methylene blue is titrated against pure
crystalline vitamin C solution of known per cent,
and the amount of methylene blue equivalent to a
standard amount of vitamin C determined. The graph
below shows the results of titration of methylene
blue against pure vitamin C,
Titration of
methylene blue against crystalline Vitamin C.
Amount of Vitamin C
Unit = 0,01 mg.
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Analysis of fruits for the presence of
vitamin C by a modified methylene blue method.
At the present time lemon juice is the inter-
national standard for vitamin C assay and as such
is accepted by the Permanent Commission for Bio-
1
logical Standardization. Key and Morgan have
analyzed lemons for the quantitative determination
of vitamin C. Their results show an ascorbic acid
value of 1.35 mg. per c.c. of juice. They suggest
that this rather high value might be due to differ-
ences in the juice from different lemons. In order to
investigate the possibility of the variation in the
standard the following analyses were carried out
on lemons from different and the same sources.
Each sample was made by extracting the juice of
several lemons, mixing thoroughly and then analyzing.
The following table shows the results of these
analyses.
1. Key and Morgan. Bio. Chem, Jour. 1933. 27, 1030
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Samples number 8 and 9 seemed to be from lemons
that had been stored for some time. They were rather
soft and a peared to he over ripe. T^is may account
for the low vitamin C content. On the other hand, no
value was obtained which reached the value obtained
1
lay Key and Morgan. In fact most values of vitamin C
in lemon juice in the literature do not seem to be
nearly as great as those of Key and Morgan.
1. Key and Morgan, Bio. Chem, Jour., 1933, 27, 1030.
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There are several possible explanations. The time
of year, the source, the length of time of storage,
and the variety of lemons, all may be imoortant con-
ditions which affect the amount of the vitamin pres-
ent. The method of analysis also probably has an
important bearing on the results. These same tests
carried out by the biological method do not show
small individual variations which the chemical meth-
ods do show. Key and Morgan did not use any chemical
methods, l^urther, an error in the chemical method
due to the presence of other reducing substances
than vitamin C cannot have entered into these analyses,
because that would result in higher, rather than lower
values.
However, the conc''usion to the work is the same
as that drawn by Key and Morgan, namely that the
vitamin C content of lemon .juice may vary, Since there
is considerable variation in the vitamin C content
it seems an obvious objection to the continued use of
lemon juice as an international standard. Birch,
1
Harris and Ray as well as Key and Morgan believe
that ascorbic acid is a better standard for vitamin C
than lemon juice. The results of the author also
1. Birch, Harris and Ray, ^^ature, 1933, 131, 273

favor the adoption of pure ascorhic acid as the
standard.
V
Vitamin C in pine needles
I
Cartier's experience in 1536 at Quebec with
scurvy and pine needles seemed to infer the
presence of vitamin C in the pine needles, although
not much is known of other factors in the food which al-
so might have contained vitamin C, In order to settle
the point of vitamin C content^, two kinds of needles,
samples of northern white pine and hard pine, were
tested. An extract was made by triturating with tri-
chloracetic acid and then titrating with methylene
blue for vitamin C,
White pine Extract Methylene blue average
6c.c. O.Gc.c.
Hard pine Extract Methylene blue average
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Prom this experiment it appears that the cures
of scurvy may have been due at least in part to
the administration of the pine needle infusion.
At any rate Cartier attributed the cure to the
infusion and the above experiment shows the pres-
ence of vitamin C in an extract of the needles
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Change of Vitamin C Content of Seeds With Germ-
inati on.
For many years it has been a common belief that
sprouted seeds would cure scurvy. Among peoples
such as the Chinese who eat sprouted seeds scurvy
seems scarce. The following experiments were con-
ducted to test this belief by chemical and biological
means. Been seeds were sprouted and tested at inter-
vals for the vitamin C content.








Sterile precautions were used in so far as was
possible in order to prevent the destruction of the
vitamin C content by bacteria and molds. Agar con-
taining salts was used as a medium for grov/th. The
results indicate that germination is associated with
increase of vitamin C content, the amount increasing
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the first few days and then remaining constant. Dry
seeds when tested for vitamin G shov/ed none, or at
best, only a slight trace. These results were check-
ed by feeding varying amounts of sprouted seeds to
guinea pigs on an otherwise vitamin C free diet. Pro-
tection was obtained with one ^am of full sprouted
1
seedlings per day. Harris and Ray have also noted
an increase of vitamin C during germination in the
case of oeas and oats.




1933, 27, 2, 530-539.
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other Testa for Vitamin C
1
According to Salvatori the Bezssonoff test
with molybdophosphotungst ic acid is not only a
test for vitamin C but also other reducing sub-
stances such as hydroquinone
,
metol, and others.
Furthermore phosphomolybdic acid also reacts with
vitamin C and other reducing substances in a
manner similar to the Bezssonoff reagent. However
£
Mouriquand has used the Bezssonoff reaction in
analyzing vitamin C in the urine of guinea pigs.
3
Hahn finds the Bezssonoff reaction gives no indication
of the vitamin content of fruits, fresh and canned
vegetables, and orange juices when compared to
results of biological tests. It is worth while
noting that this reagent is really the well known
"Polin reagent” applied to the test for vitamin G.
When boiled with HCL, ascorbic acid gives off CO^
and loses water. The resultant substance produces
a pink color when reacted with aniline indicating
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the presence of furfural , Phloroglucinal and
orcinal tests may be employed for the furfural
reaction. Of course the production of furfural and
its subsequent analysis from ascorbic acid would not
be a specific test for vitamin C since pentoses,
pentosans, hexoses and hexosans also give the same
reaction but it may be possible that these inter-
fering substances could be removed and the test
used as a method of quantitative determination of
vitamin C,
2
Szent-Gyorgyi found that a one per cent solution
of ascorbic acid made slightly alkaline and ferrous
sulphate added would produce a dark violet color
on standing in the air. This color disappears upon
the addition of sodium thiosulphate solution and
reappears on shaking in air. The color is due to a
+'4-
primary re vitamin complex.
1. Roe, J.H.
,
Science, 1934, 80, 2035, 561.
2. Szent-Gyorgyi, 2. physiol, 1934, 225, 168.
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The indophenols and their use in determ'ning
vitamin C,
The oxidation reduction systems of the indophenols
have been introduced and studied at length by Gibbs^
and Cohen^. Tillman^ has recomn^'nded the use of
dichlorophenolindophenol for the determination of
vitamin C. Birch, Harris and Ray"^ have a modified
method of Tillmans' reduction test for vitamin C
which is outlined as follows:
A measured volume of 2-6-dichlorDphenolindophenol
(Q.OIM) is placed in a tube and an extract of the
substance to be tested is added until the disappearance
of the red color of the dye. The ordinary substance
used to extract vitamin C from plant or animal tissues
is trichloracetic acid. This treatment dissolves out
the vitamin well and precipitates the proteins. Some
work has been done which indicates possible error in
this method such as the interference of other reducing
substances such as glutathione and cystine. Moreover
it is difficult to be sure that all the vitamin present
Gibbs, H. B,
,
Cohen, B. and Cannan, R. K. ,Pub.
Health Rep.
,
U.S.R.H.S., 1925, 40, 649.
2. Chhen, B,
,
Gibbs, H.I), and Clark, M,
,
A preliminary
study of the indophenols. U.S.P.H.S., 1924, 39, 804,









and Ray, S.N, ,Biochem,
Jour., 1933, 7, 590-594.
p.ft r
'
"ii: • i. ^v
h U r; f i oi: 0 Tn ; D/i ^ 1 Suf 9 1? L. •'^i : ? T S j; : 0 •!. n 0 i J ' b i V
re j'vj^xi^.r ^ f"*'-’ c.-^ orj CT *:t I iioao*
r r
Ic. -iiij •”.9 f fi'pvjscov. p. '.l . xr^cl'
tc. ::'“ ] :i fr'T&ifB' Si!? t“r I riori^'ocaf yu*-: i-jX
beil'to/n :j ov':;. ^v.3;. f .xl'^nry .1 " -







-^ :''9a: x J . ' . - .
vo ?aa/Ic-v ..
'*0
^ 0£iT?x“ !£ £id;;? fi ai teo^sli; 2 : « '’.i
OOliaiLy.i ,tJc ib 3dt 3l Cl Qua)',
son? Crbi a •,^. :£ a n.i; *10 enii .pa srft i' :irj: - :^'i 9 ^:
.Iri? lo taa i,'- rco'i'l 0 ai.:.cr.lT uckIu^tp o.'t
wjjc 39y locals re ? c p a J r.iria c wOsjji;''' ;.:^l ; .:




'. ac'i'i'o oCb'-SPcq •j’t-'oicr.I' by!n v '-aneb noed 5£?.:'
oxL'S’i ToniiVj lo POir.?'.-:?!'*! j Jivl £?a^ k ' .'fox a ' Odb ):.!
•xav^yr"" :fLol£'^iiL : f •-; :* ::











































» ' i . u
in the tissues is removed by the extraction. Guha^
2
and Ahmad have shown that trichloracetic acid reacts
slowly with 2, 6-dichlorophenolindophenol and that the
lower the concentration of acid the longer it takes
for the reduction to take place. Boiling the fruits
in order to extract the vitamin had no effect on the
vitamin ci)ntent except in the case of cabbage. Guha also
found that any treatment with hydrogen sulphide to
reduce any of the oxidized form of the vitamin may
produce unknown changes.
In the 1933-34 Harvey Lectures Clark has discussed
in an admirable manner the oxidation reduction systems
including various indophenols as well as methylene
blue. The general formula indicating the structure of
the indophenols is as follows;
A/”V^
1. Guha and Gosh, Current Science, 1934, 2, 390.
2. Ahmad, B.
,







One of the tyoical dyestuffs representative of this
class is indophenol hlue.
Indophenol
blue
These substances are elosely related to diphenyl amine
as can be seen from the comparison to its formala.
Diphenylamine
The general method for making the indophenols is to
oxidize a mixture of a p-diamin® and a phenol or by
the reaction of nitrosodimethylaniline with a phenol.
These two reactions are reoresented below.
1. Paraphenylenediamine with phenol.




2, Nitrosodimethylaniline with naphthol
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Indophenol can be written as follows:
S2N"C 5H4 “lT=CgH4«0 or
Svirbely^ has used dibromophenplindophenol as an
indicator in the determination of vitamin C. One of
“ 2the common substances used by Bgssey and others for
this purpose is 2, 6-dichlorophenolindophenol, This
dye is prepared as follows:
2,25 g, of phenol are added to 5 g. of powdered
2 , 6-dichloroquinonechloroimid with stirring. The
solution is maintained at 5 degrees centigrade by
surrounding the contents with ice outside the container.
Then 18 c.c, of 3N sodium hydroxide are added, stirred
30 minutes, foil owed by the addition of 150 c.c. of
15^ sodium chloride solution. This last addition of
salt precipitates the dye which is filtered off on a
Buchner funnel. The dye is then redissolved in two
liters of warm water and salted out again by the slow
addition of salt. The product is again filtered
,
dried and then extracted with ether to remove the last
traces of impurities.
• •
1. Svirbely, J.L. and Szent-Gyftrgyi
,
A.,
Biochem. Jour., 1933, 27, 278,




--I nuo f oiiecI''iObn
.. J I I\/ V
;' .1. f: Div
-^v,; Jt’-''
Ic ^. 1 .. ,o .!i. -^'v 2o rj^; r fn TO j i; r-: ir't ' : ,: t




: riilcnaifr . r •-
.
.;
. ; esocu/rj f Ll^
• b 'f/C-l fO^T '• • L - 7 ' ’ 'i' ' ; ’ ", ^
^f la/ rv.q l:r- .’u ;= ,-;^ loaori'^
:rJ
. 77^ 77 J ca riiri’’/ r ‘n. 7i ''-iolnoi T'- v, 7
v;tf cfcR-igfjt- b uSi r*ist c 3-: 3 i nc<:r'S^v
:^ni -.'Jr .0 &..J .iti’.j.::^ M-t r:7iv- oj;Ou-7 ''^ 7:' f^a[ C7 xif^^
vr’ct. ,^ef'ri.' i:;Tij .^iriCca -1^ 1 . . aeriT




f 3 Tu .1 clii^ .uoi
‘i i7c Ti o i- i‘'. 'O It r : ^ js iiola.v.'
aJ Xc’V’i " 507 »
{,fc -ji li- -091;- 2 '.' 7
? V ^ ;>iir . 77^ '
wols ©jirf’ TC! Ili-S7“ Xl'O &::?< :.rv. ‘-' ’70/ ''.0 77'' J.'l
,
;>0-.i9^/i'r ax J’r.J.TG’.c-; . . * ‘"J Xc i >/ ' .'




- el j f Jc


















The use of the indophenols in the determining of the
amount of vitamin C oresent in various substances is
dependant on its oxidizing power, 2, 6-dichlorophenol-
indophenol is represented as an oxidant by the formula
2, 6-dichlorophenolindophenol
The following formula is the same substance as a
reduet ant
.
Reduced 2 , 6-dichlorophenolindophenol
Cl
Ascorbic acid has two available hydrogens so that when
it reacts with 2, 6-dichlorophenolindophenol it gives
up these two hydrogens and in that way reduces the dye,
as shown by the equations below:
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Ascorbic acid Sodium salt (blue)




The Use of Sodium 2, 6-Dichloroben25en-
oneindo -3- Methylphenol as a Reagent for the
Quantitative Determination of Vitamin G.
After experimenting with various reagents for
determining vitamin C the author used the compound
sodium 2, S-dichlorohenzenoneindo -3- methylphenol
with good results. The method is briefly as follov/s:
The dye can be dissolved in successive portions
of warm water, filtered, stoppered in a glass bottle
and kept cool. Under these conditions the dye keeps
fairly well. In order to determine the concentration
of the dye solution it is titrated against fresh
lemon juice by adding measured amounts of the dye
to the juice until a permanent pink results. Then
the lemon juice is titrated with 0.01 N iodine
solution containing 15 g. of KI per liter until a
blue color is permanent with starch. The end point
may be exceeded and then back titrated with sodium
thiosulphate solution. The equivalent of the lemon
juice can be determined in terms of ascorbic acid
from the fact that two atoms of iodine react with
one molecule of the acid according to the following
oOn i snc
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C’H Ojf 2 I—^ 2HI4 C H 0
6 8 6 6 6 6
Hence one c.o. of 0,01 N iodine solution is
equivalent to 0.89 of ascorbic acid. Knov/ing
the concentration of the lemon juice in ascorbic
acid the value of the dye can be calculated easily.
Tn order to check the above results the author
also determined the value of the dye by titrating
it against pure crystalline ascorbic acid. The
results checked well with the combination of dye,
lemon juice and iodine solution as shown by the
following tables.
Ascorbic acid in lemon juice determined as
mg. per e.c.
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The end point when using the dye is very sharp
and the values obtained are consistent. With lemon
juice the use of iodine is also satisfactory. The
slight advantage of iodine in this case is the fact
that iodine can be accurately titrated against other
reagents such as sodium thiosulphate and in dilute
solution with KI is fairly permanent. The dye on
the other hand gives very accurate results and is
much more specific for ascorbic acid.
When oranges are analyzed hov/ever, the same
consistent results are not obtained.
Ascorbic acid in orange juice expressed as
mg. per c. c.







As is evident from examination of results of
titration of orange juice there must be some substance
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present other than vitamin C whi ch reacts with
iodine and does not react with the dye. This accounts
for the high values when determined with iodine and
may also explain why some investigators have found
that apparently oranges contain more vitamin G than
1 2
lemons. Bennett and Harris found an average of
only 0.4 mg. of ascorbic acid per c.c. of lemon
juice but 0.6 mg, per c.c. for orange juice.
Knowing that inosite had been isolated from or-
anges previously, the author decided to investigate
the possibility of disappearance of iodine in the
presence of inosite. Accordingly 10 c.c. of 0,01 N
iodine solution were mixed with 10 c.c, of a 5
solution of inosite. The fading of the iodine solution
was apparent and in six hours when compared colori-
metrically with a blank of 10 c.c. of 0,01 N iodine
with 10 c.c, of water allowed to stand the same
length of time 50 % of the iodine had disappeared.
This indicates that one of the interfering substan-
ces in the titration of ascorbic acid by iodine may
be inosite,
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That the dye can he used for determining the
presence of ascorbic acid in the urine can he
shown hy adding known amounts of the vitamin to
urine and then recovering hy titration with the dye.
Recovery of ascorbic acid from urine.
Sample Ascorbic added Ascorbic acid deter-





The method in this case is slightly modified
because of the effect of the color of the urine on
the end point as follows:
One half c.c. of the dye is added to 5 c.c. of
urine in a tube as a blank. Then 5 c.c. of the urine
to be tested is placed in a tube of the same size
and titrated with the dye. The end point is taken
when both tubes match and the color is permanent.
Of course allowance is made for the amount Of dye
added to the blank
.
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There are several possible reducing substances
other than vitamin C which occur ^n natural systems
such as cysteine, pyrogallol, tannin, tannic acid
resorcinel, glucose, glucic acid and heated glucose
or other sugars in the presence of acid or base,12 3
Harris and Ray, Hess, Johnson and Zilva, in their
analysis of vitamin G in urine by the use of indo-
phenol methods conclude that it is safe to assume
there is not other reducing substance in the urine
which would give a false t est for vitamin G. The
author has tested sodium 2, 6-dichlorobenzenoneindo-
3-raethylphenol with cysteine, pyrogallol, tannin,
tannic acid, resorcinel, glucose, glucic acid, heated
alkaline glucose, sucrose and lactose in the presence
of acetic acid as well as trichloracetic acid.
Glutathione was not experimented with by the author
because it was not available in a pure state. It seems
safe to rule this substance out however, since it has
been discarded as a oossible interfering substance
1-3
by other investigators.
1. Harris!., Ray, S.ll.
,
Biochem, Jour., 1933, 27, 2011-15
2. Hess, A.R.
,
Proc. Boc.Sxp. Biol, and Med., 1934, 31, 7
855-860.
3. Johnson and Zilva, S.S., Biochem. Jour. 1934, 28,
1393-1408.
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The other possible reducing substances when test-
ed against the dye shov/ very slight effect under the
conditions of the test. The greatest possible error
(1-2^) occurs in the use of cysteine, and heated
alkaline sucrose, or glucose. Since the test is carried
out in acid medium however, various sugars have little
if any, effect. Hot acetic acid will cause a very
slight fading of the dye in one hour. Trichloracetic
acid will cause a fading in a shorter time. In low
concentrations of vitamin C the error in its determination
is rather large, but when the concentration is
ar^proximat ely 0.5 mg. per gram of substance the determin-
ation is accurate. As compared to other methods the
indophenol method seems the best. It is much quicker
and more accurate than the biological methods provided
due consideration be given to the possibility of
interfering substances. The silver nitrate method as
well as the iodine and the Bezssonoff reagent have
been shown to be non-specific, although they can be
used with precaution. Methylene blue under the conditions
of the test is fairly specific but it is not as rapid
or convenient as the indophenol methods.
Of the indophenol methods in use today the one
introduced by the author (sodium 2 , 6-dichlcrobenzenoneindo
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-phenol) is the most rapid, simple and inexpensive.
The dye is readily obtainable on the market at a cost
of about one dollar per gram.Other indophenols are
dificult to obtain, thereby necessitating the extra
trouble of their synthesis. As Dr. V/.C. Boyd suggests
more work might be done with other dyes in the analysis
of vitamin C. Znowing the oxidation reduction potential
of a given dye it should be possible to predict its
probable reaction with ascorbic acid, and by experimenting
with numerous dyes finally to arrive at one even more
specific than the ones already tried.
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Hess concludes that vitamin G does not appear
in human urine under ordinary nutritional conditions
and the author has confirmed tuis. Children excreted
vitamin C only when an excess was given (one pint
of orange juice per day.) furthermore the vitamin
C content of the urine dropped immediately upon
the removal of orange juice from the diet. Excretion
of vitamin C seems to occur only after the body
stores have become saturated. In the urine of guinea
pigs, rabbits, and rats the vitamin was found to be
excreted in very low quantities and could be raised
only by injection of the vitamin. Also, no difference
was noted in the urinary excretion of vitamin G
between animals which require the vitamin in the
diet and those that do not require it.
2
Harris and Ray fomd the excretion of vitamin
G in human urine to be dependent on the dietary
intake and that the major portion of the vitamin
was excreted in three hours. These results are con-











and Ward, A., Biochem,
Jour., 1933, 27, 2011-15.
3. Johnson, S.W.
,
and Zilva, S.S., Biochem. Jour.
1934, 28, 1393-1408.

^reparation of Ascorbic Acid from Peppers
The ordinary red pepper forms a convenient
source of ascorbic acid. The juice from the red
fruit contains on the average about 2 g, per liter
as determined by titration with iodine and phenol-
indophenol. The green fruit contains less b^t this
amount increases as the fruit changes color and
ripens. In the Hew England market peppers are
generally sold when green because the house-wife
generally believes the green peppers to be sweet,
and the red ones strong. This strange belief
worked out to great advantage to the author as he
was able to obtain red peppers at a very low cost,
.. 1
Banga and Szent-Gyorgyi have worked out a
method for the production of ascorbic acid from
pepoers on a large scale which is briefly as follows:
22 kg. of acid lead acetate are added to every
450 liters of the pulp of red pepper fruit. The pulp
is pressed and then one half a liter of lead acetate
solution (100^) added to every ten liters of juice.
• •
1, Banga, I., and Szent-Gyorgyi
,
Biochera. Jour.,
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fhen ammonium hydroxide is added until faint alkaline
reaction with phenolphthalein. This results in the
precipitation of the vitamin. The precipitate is separated
with the centrifuge, and hydrochloric acid added until
the solution just begins to redden thymol blue. The
lead chloride formed is separated and the solution
remaining concentrated under reduced pressure. This
concentrated fluid, containing about 10 % ascorbic
acid is extracted with acetone several times, and the
combined extract further concentrated under reduced
pressure until a thick syrup results. The syrup is
extracted with dry acetone, the resulting extract
containing 30-40i^ of vitamin. An oily residue remain-
ing is dissolved with ethyl alcohol and again precipi-
tated with acetone. This process is repeated and the
acetone extracts combined and concentrated in a vacuum.
Then 1 c.c. of n-butyl alcohol is added for every
gram of vitamin present and the acetone distilled off.
The vitamin is crystallized out from the n-butyl
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Waugh, Bessey and King have isolated vitamin
C from lemon juice hy precipitation of vitamin C
with a lead salt followed by the decomposition of
the salt with H Cl. The lead is then centrifuged
and separated and the vitamin obtained after several
recrystallizations from various solvents.
2
Baumann and Metzger recommend iris leaves (Iris
germanica) as a satisfactory material from which
vitamin C may be obtained. The advantage of this
substance seems to be that it contains fewer sub-
stances which would interfere with the separation of
vitamin C, and that the vitamin is present in rela-
tively large amounts, (600 mg/lOO g, of fresh leaf in
early spring), Baumann also found that the skunk
cabbage leaves ( Symplocarpus foetidus) contain 1
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PrepErstion of ascorbic acid from red peppers
on a small scale.
Sometimes small amounts of pure ascorbic acid are
desirable for the purpose of checking standards, etc.
Por this reason the author has modified the large
• #
scale method of Banga and Szent-'lyorgyi to meet a
small scale demand as follows:
The fruit of ripe red peppers freed from the core
was ground up and 50 g, of acid lead acetate in solu-
tion added for each 15 ter of pul p. The acid lead
acetate solution is made by dissolving 50 g, of
lead acetate in 25 c.c. of warm water and ailing
0,4 c.c, of 85>^ formic acid. The mixture is pressed
out and to each liter of juice is added 50 c.c, of warm
100^ solution of lead acetate. Then ammonium hydrox-
ide is added until the solution is just alkaline
with phenolphthalein. This precipitate, containing
about one half of the vitamin originally present in
the pepper, is centrifuged and then treated with
concentrated hydrochloric acid until the liquid
just reddens thymol blue. The lead is precipitated
as lead chloride, separated and washed.
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The fluids containing the vitamin are now
concentrated to a syrup at a reduced pressure. Car-
bon dioxide was admitted to the fluid by means of
a capillary tube. It is necessare throughout the
process to avoid copper contact.
This syrup (containing 10^ vitamin) is extract-
ed with acetone several times and the extracts com-
bined and concentrated on the water bath under
reduced pressure to a thick syrup containing 25^
vitamin. Again extraction with acetone is used and
the oily residue extracted with ethyl alcohol.
The alcohol is distilled off end the residue ex-
tracted with acetone. Then the combined extracts
of acetone are further reduced and for each gram
of vitamin present one c.c. of n-butyl alcohol is
added. The solution is then cooled and allowed to
stand in the refrigerator for several days which
causes crystallization of the vitamin. The yield
was six percent of the vitamin present in the first
lead precipitate. This yield might be increased
by more extractions and carrying over of some of
the last extracts of one batch to those of the
next batch
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Methods of recrystallization of viterain C
The crude substance is dissolved in methyl alcohol
and water free ether added, A precipitate settles
out which can be extracted with acetone and the above
process repeated. Then petroleum ether is added and
the vitamin crystallizes out in the cold. Many varia-
tions of recryst allization were tried. One good
method was an ethy^ alcohol acetone mixture follow-
ed by ether, A£ter several crystallizations a very
pure product resulted with a melting point of 189-
189.500, The melt ng point was sharp. The synthetic
1
product of Haworth melted at 190°C. Some samples
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Melting? Point Determinations of Vitamin C
and Similar Substances.






2. 1-ascorbic acid Beftchstein 186 - 9
3. d-ascorbic acid Eeichst ein 187 - 189
3
4. vitamin C Vedder 180 - 1820
.. 4
5. vitamin C Gyorgyi 175 - 189
6. vitamin C
o
•Vaugh, W.A, 83 - 185
7. vitamin C Alley, O.E. T89. 5
c
8. 1-ascorbic ac i d Ault and others 190
9. d-ascorb:
c
acid Ault and others 190
I. Bezssonoff
,
M.N. , Bulletin Soc. Chim. Biol.
1934. : 6, 1107.
2. Eeichst ein. T..
• •
Grussner, A,, and Oppenauer
.
R.
Helv. Chem. Acta, T933, 16,
3. Vedder, S.B, Military Surgeon. :932, 71, 502, 51,
4, Szent-gyorgi. Biocbem. Jour, 1928. 22, T837.
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The association of increase of vitamin C with
the ripening of fruit.
It was found hy titration with phenolindo-
phenol that the concentration of ascorbic acid
increased on change of color of the pepper from
green to yellov;, hrov/n or red. The amount then
decreased. The experiment showing this was carried
out as follows:
Twelve peppers were placed in the sun and each
day one was selected and analyzed for the vitamin
content. As time went on the color change was from
green to red. On the third day only one pepper con-
tained any red color, so this one was selected for
analysis. By the end of the eighth day all the
peppers remaining were entirely red.
1
Zilva and others found that the ripening fruit
was not associated with an increase of vitamin C
content. This is in direct opposition to the find-
2
ings of the author. Banpa howel7er, found the increase
of vitamin content to he associated with ripening.
1. Zilva, S.
,
and Grant, Biochem. Jour., 1932, 26, 1628.
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The following table sho?/s the results of the
author in determining the effect of ripening on
the vitamin C content.




Green and red 3 0.9
Green and red 4 0.9
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Experiment showing non-toxic effects of
pure crystalline ascorbic acid.
Tn order to determine the effect of a large daily
dose of ascorbic acid, two guinea pigs were fed 0,1 g
of pure ascorbic ®cid per day. At the end of a week
the pigs appeared normal in every respect. Their fur
was sleek, they appeared normally active, and showed
no signs of respiratory infections or diarrhea. They
also shoived normal weight gains. At the end of two
weeks the pigs were killed and the internal organs
examined. The kidneys were normal in appearance and
size. No signs of constipation or diarrhea could be
detected in the alimentary canal. The lungs showed
no signs of congestion. Other organs such as the
liver end adrenals appeared normal macroscopically.
It is evident from this experiment that ascorbic
acid is not especially toxic to the guinea pig, at
least in amounts meny times the normal daily re-
qui rement
.
'o'jral salxi&iot cJ :fe6'rc- nl
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The purpose of the experiments on rats was to
investigate at some length the effect of a vitamin
C free diet on an animal which up to nov/ has never
shown symptoms resembling scurvy.
They were placed on a diet which produced scurvy
rapidly in the guinea pig, and kept on this diet
over a period of generations. Each successive gener-
ation was also kept on the diet.
Several methods were used to determine the
effects of this vitamin C free diet on the rat. At
intervals sample rats were killed hy ether or chlo-
roform and examined hy microscopic and macroscopic
methods. The organs and glands were examined hy
chemical methods (silver nitrate titration, methyl-
ene blue and Tillmans' analysis) and sections of
the teeth and hones were examined under the micro-
scope. These methods with results of the methods
will he discussed later in this paper.
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The above photograoh is one of a rat from the
fourth generation of rats which had been fed on
a vitamin C free diet. That is, this rat as well
as its ancestors had received no vitamin C, The
age of the ret is fourteen months. It is normal
in size and apparently in a perfect state of health
although the fur is not quite as sleek as it would
be in a younger rat.
This rat and samples from each generation were
killed by chloroform and the adrenals, heart, kidney,
liver, ovaries or testes, and muscle were analyzed
6»
racil d-81 s io eao ai A n'l'^c&oAq qvoAs edL
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l3:m:on ai tJ ."ci^noni aeoiTifO^ al siii e^a
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BXxfow ifi 3 8 daaXe ea siJ-itp tf-on ei lift edi- dsnoa^-Xs
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for vitamin C content. This analysis was checked
from time to time with normal rats. Results of a
few of the analyses are shown below.
i02
Normal rata.
c. c. of methylene
blue per gram
Adrenals Heart Zidney Liver Muscle
I. 2.1 .4 . 6 1.2 .2
2. 2.0 .4 .8 1.5 .2
3. 2.2 .4 .6 .8 .2
4. 2.2 .4 .6 .9 .2
5. 2.1 .4 .7 1.4 .2
6. 2.4 .4 .6 .8 .4
Rats fed on vitamin C free diet.












2. .8 .4 . 6 .8 .2
3. . 8 .4 .8 . 6 .2
4. .7 .4 .8 .6 .0
5. .9 .4 .8 .7 .2
6 . .8 .4 .9 .8 .2

Some very interesting points may be observed
from the preceding results. First, the adrenals
contain the largest amount of vitamin C of any of
the organs examined. Furthermore, the amount dimin-
ishes on a vitamin C deficient diet. The vitamin
C content of the heart is small but remains con-
stant. Diet seems t4) have no effect whatever on the
C content of this organ. The kidney maintains a
fairly constant amoiint, but the liver definitely
drops in the vitamin C content. The amount of the
vitamin in muscle is very small, Y/hile the average
would seem to be slightly less from the figures,
the accuracy and limits of the analysis probably /
do not warrant such an assumption. Microscopic
examination of the teeth did not indicate scurvy.
Also from time to time other methods were used as
a check with fairly consistent results with the
exception of the silver nitrate titration. This
last method is not delicate enough to be of value
in these experiments on rats.
The unfavorable action of carbohydrate in the diet
towards the production of scurvy has been previously
noted in this paper.
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Tn this connection the author has been interested
in observing the effect of a high carbohydrate diet
on rats. In all the animals used, whether they died
or were killed intentionally, no evidence of scurvy
could be observed. A heavy deposit of fat was found
in the older animals, which yould be expected as a
result of the excess carbohydrate intake. In addition
to the high carbohydrate content the diet also lacked
vitamin C, but in spite of these two factors, scurvy
did not appear.
It is interesting to note that these results
1
differ from those of Simola who worked v/ith the
guinea pig. His work showed that the scurvy symp-
toms on a vitamin C free diet ?7ere most marked when
the carbohydrate intake was high.
The results of the author, however, do confirm
2
in general the work of Svirbely on the vitamin C
content of the organs of the rat.
1. Simola, P.l?.
,




Biochem. Jour., 1933, 27, 3,
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Silver Nitrate Reaction
Alltaline silver nitrate is reduced by many
substances such as glucose, fructose, and phenols.
In an icid medium, however, these substances do not
reduce silver nitrate readily and neither will
tannin, cysteine, glutathione or creatinine at
least in vitro.
Hat Experiments Using the Silver IJitrate Method,
In order to determine the effect of a vitamin
C free diet on the vitamin C content of the adrenals
of the rat, six rats were placed on a diet of boiled
milk and bread which developed scurvy in guinea
pigs, but was complete in other respects. After
being on this diet for eight months these rats were
killed, and the adrenal glands analyzed for vitamin
C as follows:
Each rat was killed separately and the adrenal
glands immediately dissected out, weighed and
placed in a 0,4^ solution of silver nitrate at a
pH of six. The glands were then placed in the dark
V;
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and examined every minute for the appearance of
reduced silver. The adrenals of rats that had
been fed
examined
a normal diet containing vitamin C were
in the same way.
^0 ©‘jfio’iaaqqa ©ilJ to5 ^isve benlciaxe Ons
bcri ^aiit s^ST "io alimsTba exi? .levXie bdoubei;
eiew 0 xUflsj’iy snlaia^noo’ d'si fe laanon a ^5©^ nesd
The results are tabulated as follov/s:
Rat fed on a diet
free of vitamin C,
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Tt is obvious from the tables that the adrenals
of a rat which is fed on a vitamin C deficient diet
do not show loss of vitamin C when compared to the
adrenals of the ret fed on a normal diet. These
results of course were dependent on the accuracy of
the silver nitrate method of analysis.
Similar experiments were carried out on the guinea
pig. Six pigs were placed on a diet of boiled pasteur-
ized milk and bread. Others were fed a normal diet
with lettuce or orange juice added to insure suffic-
ient vitamin C, The animals were killed at the end
of three weeks and the adrenals dissected out, placed
in silver nitrate solution for five minutes, then
washed with distilled water, and then with sodium
thiosulphate solution. The results are tabulated
below.
Normal pig Time Reduction
1. 5 minutes Heavy
2. 6 minutes Heavy
3. 5 minutes Heavy
4. 5 minutes Heavy
5. 5 minutes Heavy
6. 5 minutes Heavy
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Scurvy Time Reduction
1. 5 minutes Slight
2. 5 minutes Slight
3, 5 minut e s Slight
4. 5 minutes Slight
5. 5 minutes 9
6. 5 minutes 9
Discussion of results.
The rat, however, when fed on the same diet
which produces scurvy raoidly in the guinea pig,
does not show an appreciable loss of vitamin C
from the adrenals, Furthermore, this same condition
prevails in the rat even after years on a vitamin C
deficient diet.
Discussion of the advantages and disadvantages of
the chemical methods for the analysis of vitamin C
as compared to the biological methods.
To one v;ho has spent weeks carrying out a bio-
logical assay, the saving of time and labor in the
purely chemical method is obvious. For example, in
the biological assay of a food for vitamin C it is
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Bi di 0 iiiff.adiv icl Xoc'i a ’isees Xaoi^oloid end
customsry to feed groups of animals varying amounts
of the food and to observe the development of scurvy.
This procedure involves the expense and time of
raising suitable laboratory animals in order to have
them at the right age and weight for the analysis.
Then t he period of feeding them the food in question
may involve weeks, at the end of which time the animal
is killed, and examined for evidences of scurvy.
Further, in the tooth structure method the prepara-
tion of the tooth may require days or even weeks of
work before it is ready for microscopic examination.
The chemical methods as used and developed by the
author can be carried out in a matter of hours, or
at the most, a few days.
As regards specificity, a positive production
of definite tooth structures characteristic of
scurvy is evidence of the strongest nature. Absence
of the typical tooth conditions may not necessarily
indicate absence of scurvy, at least in the elemen-
tary stages. Rib defects may occur before tooth
defects. Pure chemical methods may not be absolutely
specific and quantitative for vitamin C, but if not,
they may be empirical and hence of great value. It
is desirable to check one method with the other from
time to time
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Experiments on Teeth
1
Durand noticed that the percentage of carles
in chlllren that were breast fed was much less
than in those fed on condensed milk. He attributed
this condition especially to the diet which was too
rich in carbohydrate. The defect® were probably
due to several dietary factors, vitamin C lack
being among them, Zilva and Wells have observed
a degeneration of the tooth pulp in guinea pigs
and monkeys on a vitamin C free diet. More recently
• •
Hojer has developed more fully the technique of the
scorbutic tooth. Since the condition of the tooth
is one of the first evidences of pathological
change to anpear in scurvy the author felt that
th' s could be used as a method of detecting possible
scurvy in the rat. The following plates shov; res-
pectively a normal rat tooth and a tooth from a
guinea pig with scurvy.
1. Durand, J,I., J.A.M.A.
,
1916, 67, 564,
£, Zilva, S,S., and Wells, F.M,
,















Plate number four is a normal tooth although
it is from a rat of the fourth generation which
had been on a vitamin C free diet. It shov;s normal
dentine and Tome's canals. The odontoblasts are
long and parallel. There is no sign of inner dentine
and the Tome's canals cross the dentine from the
odontoblasts although the two have been slightly
separated mechanically in the process of sectioning.
The guinea pig tooth, however, plate number five,
shows rather completely disorganized odontoblasts.
The inner dentine is irregular and projects out into
d» ?
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Ixperiments on doutly snprarenalectomized rats
The previous analysis showing the high vitamin
C content of the adrenals suggested further experi-
ments to determine the effect of removing the
adrenal glands from the rat. This was done and the
following analyses made:




Heart Kidney Liver Muscle
1. .4 .8 .6 .2
2. .3 .7 .5 .2
3. .4 .8 • 6 .0
4. .4 .8 .5 .0
5. .4 .9 .8 .0
6. .4 .9 .4 .2
By comparison of this table with the other
tables it appears that the animal is being de-
pleted in vitamin C in about the same manner as
the normal rat. Strangely enough the kidney
<(
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maintains a comparatively high amount of vitamin C
in the doubly suprarenalectoraized animal while the
muscle and liver contents are slightly less than
in the normal rat.
Note :
The author is greatly indebted Drs, Leland C.
Wyman and Caroline turn Suden for help and advice
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The possibility of the function of the supra- ’
i
renals as a storage of vitamin C seems to he doubtful
j
because of the extremely small amount present com-
j
oared to the amounts of vitamin A present in the liver.
^
iiHarris suggests that the localized concentration of II
vitamin C in the suprarenals can be considered as
1




activities of that organ. ^
1
1
The doubly suprarenalectomized rats ought to i|
li
develop scurvy if the suprarenals alone synthesize I
vitamin C. In all the rat experiments so far observed,
|
no evidence of scurvy has appeared. This negative
^
evidence may still be accounted for by the possibility i
of failure to rem.ove every trace of suprarenal tissue,
and also by the regeneration of new tissue after operation.
i
At autopsy several previously doubly suprarenalecto-
|
mi zed animals did show such tissue.
2
Vars and Pfiffner found no evidence that the
adrenal of the dog was cone erned with either the syn-








delaying the onset of scurvy in the guinea pig.








and Pfiffner, J, J. Proc. Soc. Hxper. Biol.
Med. 1934, 31, 7, 839
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Some Modifications in Animal Photography
In order to photograph a dead animal all that is
necessary is proper focus and length of exposure
when using an ordinary camera. But to photograph a
live moving animal is more difficult. To begin with,
since the animal may move, a snap shot must be taken.
This means that the light must be good. L^ght in the
laboratory is unsuitable and generally it is not
convenient to take the animal out of doors. This
necessitates some artificial source.
After experimenting with various methods the author
found the flash method to be simple and effective.
The flash powder is made up of a mixture of potassium
chlorate and powdered magnesium. This mixture was
ignited by means of a spark coil.
A photograph of the apparatus is shown below to-
gether with a diagram of the circuit necessary.
•
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C - Ford spark coil
P - Primary circuit
S - Secondary coil
T - Attached terminals
B - Dry cells
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A flash bulb of coarse could be used. It generally
works, gives good light, but is rather expensive
because each bulb is good for only one exposure, and
if many photographs are to be taken the total cost
of all the bulbs used will be considerable. Most of
the photographs occurring throughout this paper were
taken by the induction coil method and while the
author does not claim to be an expert photographer,
the results seem fairly good. Tt may be added that
in all the photographs taken no other special
photographic apparatus was used. Even the micro-
photographs were taken with an ordinary Kodak cam-
era through a microscope.
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The effect of vitamin G on the teeth in man,
It should he mentioned at the outset that several
vitamins, salts, foods, bacteria and acid conditions
of the mouth may all have an important bearing on
the proper growth and maintenance of the teeth. With
the exception of vitamin C the various factors are




Ballantyne found that all but two percent of
pregnant women show carious teeth. This might easily
be expected because of the great increase in the
requirements of the above mentioned factors during
pregnancy. A common old saying is "for each child a
tooth" and in the days when large families were the
rule rather than the exception, the mother of fourteen
children would feel that conditions were normal if
she had lost fourteen teeth, during the period of
child bearing.
These beliefs no longer hold true today. The
author has observed several cases which seem to
1. Ballantyne, Brit. Med. Jour., 1919
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sh077 that the occurrence of caries and the loss
of teeth may not increase during pregnancy.
Observations on the condition of teeth during
pregnancy.
Average number of fillings before pregnancy 6,
Average number of fillings during pregnancy 6.
Average number of fillings after pregnancy 5.
The above cases were taken from the records of
Dr. S.S. Godfrey and represent the average fillings
over a period of twelve months. With the further
assistance of Dr. Godfrey, another interesting point
has been observed, namely the progress of white spots
on the teeth. Tn the course f time these spots be-
come cavities, furthermore these spots may disappear
following the administration of vitamin C providing
they have not progressed too far. In other cases
the spots may not disaopeor under vitamin C treat-
ment but the development of these spots ceases.
1
hanke has described the w..tite spots on the teeth
(not so called mottled enamel). The areas are at first
quite hard and cannot be penetrated with a probe.
That these areas ire not deposits on the teeth can be
1. Hanke, M.T.
,
Jour. ITutrition, 1^30, 3, 433-451.

shown by the absence of a positive stain when treated
v;ith a solution of bismark brown in Z'oio alcohol.
As time goes on these, areas may become soft so that
they can be penetrated with a probe and dental caries
1
result. Most investigators agree that the change is
one involving the cementing substance bet-'een the
rods. This change is generally thought to be due to
the dissolving of the cementing substance by aciis
derived from the action of bacteria on food.
The investigations of Sherman Davis, Milton Hanke
1-4
and others show that dental caries can be arrested
5
if the oatient will eat the prooer food. Miller and
6
Heitzmann concluded that inflammation was the main
cause of decay of the teeth, './hile the idea of bac-
terial decay is rather old, it receives support in
7
the work of Bunting who believes that the action of
Bacillus acidophilus results directly in dental carie
1. Davis, S,
,





Jour, nutrition, 1920. 3, 433-451.
3. Boyd, J.D.
,
Drain, C.L., and IJelson, M.
,
Amer,
Jour. Dis. Child., 28, 721.
4. 7/ilson, L.A.
,
The Dental Digest, 34, 689, 702.
5. Hiller, W.D,, Micro-organisms of the human mouth,
1890.
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He did find however, that the bacteria were regulat-
ed by the diet, but that antiseptics used in the
mouth, such as hexylresorcin®!
,
had no apparent vir-
tue, These experiments were conducted on large groups
of school children, and the final observation seems
to be that a diet containing an ample amount of
fresh fr.iits, vegetables, and milk, but somewhat
restricted in carbohydrates, is best for the proper
growth end maintenance of the teeth.

Summary
The history of scurvy and vitamin C has been
traced briefly from 2697 B.C. to 1935 A.D. The
• •
isolation of vitamin C by Szent -Gyorgyi in 1928
and the synthesis later by Haworth end others has
been noted.
IJew chemical methods for the analysis of vitamin
C have been investigated. In one case, that of
methylene blue, a modification has been offered
which makes that method usable for micro-enalysi s.
A new method of analysis of vitamin 0 by use of
Sodium 2,, 6-dichlorobenzenoneindo-3-methylphenol
has been presented. These methods have been applied
to plant and animal tissues. An important conclusion
to the plant experiments is that the vitamin 0 con-
tent of lemons varies considerably, contrary to the
claims of Bennett and Harris, thereby making its use
as a standard undesirable. On the other hand, pure
crystalline vitamin prepared by the method of
Banga, was shown to be constant.
The ret has been studied at some length, both in
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a normal state, and under a vitamin C deficient diet,
These experiments have been carried through several
years an3 generations of rats. Since the results
show that the vitamin C is present in the rat after
four generations and that the amount varies some-
what, then the rat must be able to synthesize this
vitamin. It has also been shown that the liver and
adrenals lose vitamin G more rapidly than other
organs do in the rat, itirther the doubly suprarenal-
ectomized rat seems to react to a vitamin C free
diet about the same way that a normal rat reacts.
The liver loses vitamin G while other organs exam-
ined maintained the vitamin level. The kidney in
the doubly suprarenalectomi zed rats maintains the
vitamin content slightly better than the normal rat
although the difference is slight.
Biological methods have been compared to chemical
methods, the advantages becoming greater with the
chemical methods, although it is still well to check
occasionally with a biological method.
The effect of vitamin G on the teeth of certain
animals points strongly to possible effects in the
teeth of man and some evidence is presented to support
this point of vie?/.
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